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Thisweb page was developed as an informational resource for peopleinvolved in

planning, designing and constructing stream crossings on small streams less than 20 feet
wide.

Building a fish-friendly stream crossing requires an under standing of not only fishery
biology but also basic engineering and construction principles aswell asfluvial
geomor phology (that isthe processes that form and maintain stream habitat).

Our intent in developing thisweb site was to provide the tools needed to plan and construct a fish passage structure that will be
efficient, safe and conduciveto fish passage.

The procedur es we suggest wer e derived from best practices recommended by public and private agencies and wer e selected to
provide practical guidelinesfor designing long lasting, stable road crossingsthat will have minimum adver se affect on fish and their
stream habitats.

A number of state, federal and municipal agencies may have jurisdiction and per mit authority over construction activities on streams
and wetlands. Any person involved with planning, designing and constructing a stream crossing impr ovement should consult with the
appropriate federal, state and local agenciesfrom a very early stage within the planning process and comply with permit and
construction regulations.

Through this web page, we hope you will learn about:

* How to identify problem fish passage structures.
* How to evaluate a site for possible fish passage remediation.

* How to design and install replacement fish passage structuresthat are friendly to fish and their habitats.

» Whereto find additional resourcesfor planning, designing and construction of fish friendly stream. crossings




Background

Early inour history, riversran wild, and fish followed them accor ding to their needs. Thiswas a time when our fishery resources

seemed abundant and without end.

Since then, millions of culverts, dikes, stream diversions, dams, and other artificial barrierswere constructed for transportation, to
impound and redirect water for irrigation, flood control, electricity and drinking water. Many of these alter ations have changed the
open access features of riversand streams and have taken their toll on our fishery resources. Improperly designed or damaged stream
crossings are by far the most common cause of these problems.

~ Restoring fish passage benefits people, fish and the environment ~

Thevast majority of crossings are culvertsor bridges on small streams. Nearly all culvert installations areintended to servethe

pur pose of providing vehicle access, however, many also have an unintended function- they can block the migration of fish up or down
streams.

They also alter the geomor phic processes by which river channelsform and maintain habit over time. For example, they may block or
constrict the passage of sediment and lar ge wood being transported by theriver, and prevent channel migration.



Fish movementswithin streams are vital for maintaining healthy populations. Spawning
migrations like those made by trout and salmon may be the most visible and dramatic, but
seasonal (or even daily) movements upstream or downstream to find food supplies, refuge
from predators, preferred temperaturesor cover may also be critical.

Wher e fish habitats are divided into small segments (fragmented) by man-made barriers,
whole populations may be eliminated, reduced or genetically damaged through the effects
of isolation and inbreeding. The consequences can be disastrous for fish populations and
other aquatic organismswithin a watershed. It isa fundamental fact, fish need to move.
For example, many fish need to move between feeding and spawning areas and make other
seasonal movementsto important habitats.

Please select from the links below ﬂ

0“\_/ Start Here.. About the Program Choosing Options for Replacement Structures
Cautionsto Consider Final Site Preparation and Structure I nstallation
What isa Fish Barrier ? Erosion Control
Evaluation of Your Work Site Quick Guideto Culvert Installation
Referencesand Web Links

To print theinformation contained in this web site, Fa
e — please set your " printer setup" preferences to landscape mode. sdabs] Click here to download
this presentation.

= Ashland FRO Home Page =

« Disclaimer Statement =

The U.S. Fish and Wildlife Service, Ashland Fishery Resour ces Office has developed this webpage as an infor mational resour ce only.
The U.S. Fish & Wildlife Service does not accept legal responsibility for any of theinformation contained within. The consultation of
professional engineering and geomor phology expertise isrecommended befor e starting any stream crossing improvement project.
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What isthe U.S. Fish Wildlife Service Fish Passage Program?

The Fish Passage Program providestechnical assistance and Federal fundsto:

Remove, replace, or retrofit artificial barriers; design and construct fishways,; support biological
surveys of important water sheds; and monitor the effectiveness of these activities. Fish passage
projects can be engineered on ether private or public lands, but cannot be used on hydroelectric
projectslicensed by the Federal Energy Regulatory Commission (FERC).

All projectsarevoluntary, and are performed in cooperation with
agencies, private organizations, and landowner partners.

The goal of the Fish Passage Program isto restore native fish and other aquatic speciesto
self-sustaining levels by reconnecting habitats that have been fragmented by
artificial barriers, where such reconnection resultsin a positive ecological effect.

In 1999, the U.S. Fish and Wildlife Serviceinitiated the National Fish Passage Program. The Program usesa

voluntary, non-regulatory approach to remove and bypass fish barriers. The Program addresses the problem of
fish barrierson anational level, working with local communities and partner agenciesto restore natural flows
and fish migration. The Program isadministered by National and Regional Coordinators, and delivered by Fish

and Wildlife Management Assistance Offices, with their 300 biologistslocated acrossthe Nation. Appropriations
for the Program support the Coordinators, in-the-water fish passage pr ojects, and the Fish Passage Decision

Support System.

Click here to learn more about the fish passage projects
completed with the assistance of the U.S. Fish & Wildlife Service

Return to Home Page or ’ Click hereto proceed to the next section

® Disclaimer Statement =



http://www.fws.gov/midwest/ashland/fishpassage/images/BarkRiverCulvert.jpg
http://fisheries.fws.gov/FWSMA/FishPassage
http://fisheries.fws.gov/FWSMA/FishPassage/fpprgs/FPwho.htm
http://fisheries.fws.gov/FWSMA/MAFRO.htm
http://fisheries.fws.gov/FWSMA/MAFRO.htm
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http://www.fws.gov/midwest/ashland/fishpassage/RegionalProjects.htm
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Cautionsthat should be considered before

A CAUTION initiating any fish passage proj ect:

N T b . Not all barriersare bad!
Ot d arriers While removing barriersto fish migration at road crossingsisimportant, thereare
situationswhere barrier removal may NOT be beneficial.
are bad!

. yg = Some barriersat road crossings may be
It Isn tIUSt ﬁShl keeping out unwanted or har mful

Think safety! exotic species.
Beware of critters!

. An exampleisthe Atlantic sea lamprey

that invaded the Great L akes and decimated

fish populations. Sealamprey spawn and develop in streams before

going downstream to the lakesto prey on rough and gamefish. Denying

them access to spawning streams by installing low head dams (barriers)

iIsone common method of controlling lamprey populations. Someroad crossing barriers may currently be
serving thisfunction. It’salwaysimportant to consult with federal or state natural resour ce officials
befor e planning any fish passage proj ect.

. Diseases of concern to fish health and differencesin fish population genetic structure above and below
barriersare also reasonswhy not all barriersare bad and why not all should be removed.

. Another very important consider ation isthe potential for geomor phic effects, in particular, channel
incision. Channel incision or down-cutting of the streambed tendsto propagate upstream by means of
migration of a headcut. Often, thisheadcut migration isarrested when it encountersa culvert. If the
culvert isreplaced, the headcut may then proceed onward upstream, spreading channel incision, and
inducing a period of channel destabilization and habitat degradation.

Click hereto review the document (pdf) Geomorphologic | mpacts of Culvert
Replacement and Removal: Avoiding Channel Incision.



http://www.fws.gov/midwest/ashland/fishpassage/images/PDF/Avoiding_Channel_Incision.pdf

It isn’t just fish that you are helping!
Culvertsalso provide moist shady habitats and
pathways and may serve as attractive temporary
homesfor frogs, toad’s, snakes, mink, otter and
a host of other desirable species.

Think Safety!

Work sites at culverts can be dark, wet/dippery and hazardous.
Exer cise caution, wear protective gear and be awar e of dangers.
Therusted and jagged metal edges shown in thisimage are typical
hazar ds often found in culvert restoration projects.

Thereareanumber of safety issuesthat must be consider ed when
performing earthmoving & culvert installation projects:

» Mobile equipment working near roadways.

* Control of traffic near work areas.

 Shoring & bracing during trenching operations.

« Stability of backhoe/excavator during operation: use of outriggers & blocking.

* Working around heavy equipment: pinch pointsand staying in view of equipment operators.
* Proper hand signalsfor equipment operators.

« Lifting loads. cable/sling inspections and load ratings, proper hookups and working near over head
loads.

* Proper use of hand tools.
* Physical hazards: proper lifting techniques, sprains, cuts & abrasions.

» Hazards of working outdoors: working in cold environments, heat illness, sunburn, insect bites,



ticks, poison ivy and snakes.
» Environmental hazards: slippery and wet conditions, working on slopesand in stream beds.
* Review Personal Protection Equipment (PPE) requirements.

* Follow all OSHA standards.

Each specific project may have a number of safety related hazards. Therefore, a preliminary construction project
safety review isnecessary. Be awar e of the potential worksite hazards, and take the proper stepsto prevent
accidentsand injuries.

Beware of crittersin thework place!

Some culvert users may have a bad attitude.... click imageto enlarge.

Return to Home Page or ’ Click hereto proceed to the next section

® Disclaimer Statement =



http://www.fws.gov/midwest/ashland/fishpassage/images/rattleculvert.jpg
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http://www.fws.gov/midwest/ashland/fishpassage/Disclaimer.htm
http://www.fws.gov/midwest/ashland/fishpassage/Disclaimer.htm
http://www.fws.gov/midwest/ashland/fishpassage/Disclaimer.htm

.8, o = RN NI o P e}
FISH & WILDLIFE LS. Fish & Wildlife Senvice
SERVICE

Region 3 Midwest Internet Site
Minnesota lowa Missouri Wisconsin lllinois Indiana Michigan Ohio
Welcome to the Region 3 Internet!

tlon el Flsh Friendly Stream Crossings




What kinds of structuresat road
crossings create fish barriers?

« High vertical dropsat culvert
outlets

« Excessivewater velocities
inside culverts

« Debrisbarriers

 Lack of jumping poolsor
inadequate pool depths

Click on the Windows M edia Player icon
to download and view a short video
showing different structuresthat create
passage barriersfor fish.

Windows Media Player 7.0 or greater, may be needed to view this
video. Click hereto download Windows M edia Player.

(Windows Media Player Video 2,218K B, 3 minutes)
Downloading Hints: During theinitial download of thisfile, if your
viewer startsto play, pressthe pause button to stop thevideo. Play
the video only after the download process has been fully completed.

For best viewing, set the Media Player viewing window at 200%.

To savethisvideo to your computer, right mouse click the link below
and select “ Save Target As.” Then select afolder on your computer to
savethefile.

. 2,218KB small screen version

. 22,773KB large screen version



http://www.microsoft.com/downloads/details.aspx?FamilyID=b446ae53-3759-40cf-80d5-cde4bbe07999&displaylang=en
http://www.fws.gov/midwest/ashland/fishpassage/Video/Final-151.wmv
http://www.fws.gov/midwest/ashland/fishpassage/Video/Final-151.wmv
http://www.fws.gov/midwest/ashland/fishpassage/Video/Final-best.wmv

Water Velocity Barriers
and
Fish Swimming Performance

Usethistableto determinethe
swimming ability of some adult fish
species. For example, note that
rainbow trout (X-1) can swim
through a 10 meter culvert with a
flow velocity of 2.4 meters per second
(7.9 feet per second). However, in a
30 meter culvert (X-2), rainbow trout
can only manage a velocity of 1.4
meters per second (4.6 feet per
second).

= Thisperformancetableonly
appliesto large, adult gamefish
swimming between resting points.
The swimming abilities of small or
juvenile size fish will not result in
these same values.

A N Y
P g lisdiesn Fy

Fiah Bwiming Detlgn Curees |OMNS, 1635)

*®* Generally, when flow velocities through a culvert exceed .6
meters (or 2.0 feet) per second, some sizes and species of fish will
be blocked.

Return to Home Page or ’ Click hereto proceed to the next section

® Disclaimer Statement =
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Thissite has excellent
spawning habitat for a
variety of fish species
including steelhead, coho
salmon and white suckers.

Too short a culvert, soft,
sandy soil and excessively
steep banks spelled disaster
for thisinstallation.
Replacing it correctly will
approximately doublethe
cost of theinitial project.

Evaluating a Problem Road Crossing
for Remedial Action:

1. Isthereimportant fish habitat in the stream on the work
site? What isthe composition of the material on the stream
bottom? Gravel or cobblesizerock are spawning habitat
for many fish species. Groundwater or springsare too.
These are important habitats and must be protected from
disturbance and sedimentation during and after
construction.

These culverts are severely perched,
damage habitat and block fish passage.

2. Evaluate and record soil typesat work site. Soil and available fill composition areimportant
factorsin determining how slopes may be contoured to stable configurations. Cohesive soilssuch as
clay arelessproneto erosion or slumping than sand. Slope or bank ratiosinclude a number of
consider ations:

. Consider the bank slopes needed for a stable configuration.
. What isrequired by county, state and federal highway and safety authorities?

. For keepinginstallation costs down and for fish passage, how can the slope and total culvert
lengths be kept to a minimum, while maintaining a safe and lasting structure?


http://www.fws.gov/midwest/ashland/fishpassage/images/Arch_w.jpg
http://www.fws.gov/midwest/ashland/fishpassage/images/big-perched.jpg
http://www.fws.gov/midwest/ashland/fishpassage/images/shortculvert.jpg

3. Note and record potential erosion or sediment sources entering thework site. Arethereditches
or banks contributing significant amounts of water flow or sediment to the site?

Plan an approach to sediment control !

In thisexample, aroadside
ditch iscontributing
suspended red clay to this
trout stream.

Critical Stream M easur ements:

1. What isthe slope of the stream bottom? Slope
determinesthe type of culvert or bridge that may be used.
M easur e stream slope from a point 100 feet above the
existing culvert to a point 100 feet downstream. Measure
elevations from bottom of the stream bed.

Slope deter minesthetype
of culvert or bridgethat
may be used.

Culvert designers need to measure profile (i.e. elevations and longitudinal distances of a series of pointson the streambed), not
just slope through the pipe. Thisrequiresextending the survey far enough upstream & downstream to get a representative
profile of the channel away from the area affected by the culvert itself. For some projects, this may be morethan 100 ft (some
authoritiesrecommend a distance of 10 bankfull channel widthsin each direction).

Compute stream slope using thisformula:

Slope = Length (200 + length of Culvert) / elevation change

For example: If theexisting culvert is80' long and we measure from 100" above to 100" below, thetotal length
equals280'. If theelevation changeis 9, then 9'/280'=.032 or 3.2% slope.


http://www.fws.gov/midwest/ashland/fishpassage/images/bigrmud.jpg
http://www.fws.gov/midwest/ashland/fishpassage/images/Pg15_EmbeddedCulver.gif
http://www.fws.gov/midwest/ashland/fishpassage/images/Measurements.jpg

Bankfull stageisthevital
measurement for properly
sizing culverts.

Advantagesto having a culvert somewhat
wider than bankfull include:

. Better ability to pass sediment,

large wood and debriswithout
scour or blockage.

Less constriction of the flow
during high water, and thusless
increase in average velocity during
peak flow development of a
natural channel edge within the
culvert, which promotesa more
extensive low-velocity zone
(technically, the hydraulic
“boundary layer”). Small fish
typically hug this zoneto stay out
of high-velocity water when
moving through a culvert.

2. Determinethe width of the bankfull stage of the channel. This measurement isa

good, on-the-ground indicator of flow levelsin the stream over along period of time.
It may be used to determine culvert sizing that will be capable of handling peak flow

levels, but, it must be measured accur ately.

Theimportant element in deter mining the bankfull stageisthe presence of the
depositional (floodplain) surface. Thissurface may be correlated to atransition in
vegetation type (e.g. presence of certain species, transition from mossto rooted plants
or annual to perennial woody plants), or transition in substratetexture (e.g. gravel to
sand or silt), but these secondary indicators need to be locally calibrated by
correlating them to the “ point of incipient flooding” .

—
O‘/ Deter mining the Bankfull Stage isthe most important
measur ement for establishing culvert sizein handling peak stream flows.

Measur e and aver age channel width at 10 locations above the existing crossing
(crossings often alter the normal channel below theinstallation). M easure from the
first rooted, and established vegetation on each side of the channel as shown in this
diagram.

Return to Home Page or C:/ Click hereto proceed to the next section
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In this program, we recommend the Stream Simulation Design M ethod because it provides maximum benefits
to stream habitat and isa practical and effective method to design and build stable road crossings.

Structuresinstalled using the Stream Simulation Design Method include
natural stream substrate bottoms
that will maintain habitat values and provide for passage of all fish.

Preferred Alternatives And Crossings

Before design work begins, the following alter natives and structure types
should be considered. In order of preferencethey are:

1. No Action: Isthisstream crossing really necessary? Can theroad berealigned to avoid crossing the stream?
2. Bridge: Spanning the entire stream isbest for the stream environment, but isit practical?
3. Streambed Simulation Strategies: Bottomless arch or embedded culvert design.

At some sites, it may be impractical or cost prohibitive to employ
the Stream Simulation Design M ethod.
In those cases other techniques may be required such as:

Non-embedded Culvert:

Thisisoften referred asa hydraulic design, associated with mor e traditional culvert design
approaches and islimited to low slopesfor fish passage. Non-embedded culverts must be set
deep enough into the stream bed (at least 10% of their diameter) to provide adequate water
depth for fish to swim and to keep flow velocities down.

The culvert in this photo is set too high, resulting in excessive flow velocity and depth too
shallow for fish to swim.



http://www.fws.gov/midwest/ashland/fishpassage/images/DSC00691.jpg

Natural stream substrateslike gravel, rock, sand and woody debris, provide habitat features
that support plant and animal stream life; including shelter, food and spawning areas. These
substrate types arejust as valuable when contained within culverts.

Baffled Culvert, or Structure Designed with a Fishway:

Used for steeper slopes and not usually recommended for new installations, thistechnique may be
used to retrofit existing structures.

When first installed, thisbox culvert was a velocity barrier to fish passage on an important brook
trout, steelhead and coho salmon spawning stream. Therecent installation of a series of jumping pools, (essentially a fish
ladder-on theleft of the picture) now providesfish passageto 4 miles of quality habitat upstream. The cost of thisretrofit
fish passage project was about $35,000. If theoriginal installation had been a bottomless culvert, the extra cost of the
retrofit would not have been necessary and habitat values at the site would be better.

Structure Optionsfor Stream Crossings.

Two typesof structuresare generally used for stream crossings, they are:

1. Span Bridges.

Span bridges arerecommended for sites on streamsthat are morethan 20 feet in width
(bankfull stage width measurement) or with slopes more than 3%, or whereimportant

Alternative Structure Types
i i - TRt .1_&.3!..
i _ -_"*ﬁ spawning habitat is present.

| | P e e
-.___.;- —



http://www.fws.gov/midwest/ashland/fishpassage/images/Greg-Alexander.jpg
http://www.fws.gov/midwest/ashland/fishpassage/images/GP_web.jpg
http://www.fws.gov/midwest/ashland/fishpassage/images/Pg12_Crossings_Bridge.gif
http://www.fws.gov/midwest/ashland/fishpassage/images/Pg9_CrossSection.gif

Thisinexpensive, prefabricated bridgeisagood solution for low traffic
(onelane) crossing and maintains high quality fish habitat in the trout stream it spans.

2. Culverts:

For siteson streamsthat arelessthan 20 feet in width (bankfull stage width measurement) or with slopeslessthan 6%,

and whereimportant spawning habitat isnot present, culverts may be considered. Four general typesof culverts may be
used; round, elipse, box or bottomlessarch. All arereadily available from manufacturersin a widerange of sizes and
lengths.

A. Bottomless Arch Culverts:

Bottomless arch culvert installations ar e an excellent choice
from an environmental and fisheries viewpoint.

Alternative Structure Types | Thetypical design for installation of a pre-cast concrete, bottomless arch culvert is shown in
'ﬂgﬁF-- gt (EATd N thislinedrawing. It ismounted on footings (pour ed-in-place) that extend below the scour
™ line. Likeaspan bridge, they allow for natural stream channel processes that will maintain
= | favorable habitat and fish passage under the structure.

Pt ’ T Bottomless arch culvert installations also have the low profile advantage of an ellipse type
e~ Jculvert. Bottomlessarch structures may be used at siteswith slopes ranging fro 0% to 6%,

but bottom materialsinside the culvert should include boulder slar ge enough to withstand current flows. On siteswith

sdopesfrom 3% to 6% this meansutilizing Dgy* sizerock (Dgg Size material refersto thelargest 10% of naturally

occurring bouldersin the stream). In someinstallations special preparations (like rock placement) are needed to address
possible scour erosion of the stream bed that could under mine the culvert footing.



http://www.fws.gov/midwest/ashland/fishpassage/images/Picture-026.jpg
http://www.fws.gov/midwest/ashland/fishpassage/images/Pg9_CrossSection.gif
http://www.fws.gov/midwest/ashland/fishpassage/images/Pg12_Crossings_Arch.gif

In this photo, the flange footing type, bottomless arch culvert isbeing lower ed onto the
prepared streambed. Note the placement of Dy (or larger) bouldersin the channel to provide

resting placesfor migrating fish.

* Theterm Dgg refersto the size of the bouldersin the vicinity of the crossing.
Thesize of a Doy boulder isequal to the aver age of the largest 10%

of the bouldersin the stream bed.

This corrugated metal, bottomless arch culvert is provided with a metal flange
footing and restson a cement base. It isahighly functional installation, does a
great job of maintaining fish habitat and is competitivein pricewith around

culvert installation.

B. Round Culverts:

Alternative Structure Types

L A f&m

i “""l.mhmwlud miE

(Lo

Round culverts of corrugated metal, pre-cast concrete or plastic are by far the most
commonly used structuresat road crossingsin the United States. They are suitable for use
where slopesrange from 0% to 3%. At slopes> 3%, it isvery difficult to maintain natural
substrates on the metal or concrete bottom.

When properly installed and embedded, they can be both fish friendly and the least expensive
option. Unfortunately, many existing culvertsare not properly sized or installed correctly and

cause damage to stream habitats, fish and other stream organisms.


http://www.fws.gov/midwest/ashland/fishpassage/images/bottom.jpg
http://www.fws.gov/midwest/ashland/fishpassage/images/Pg12_Crossings_Culvert.gif

Theseround culvertsare set too high or “perched” and makesfor
adifficult jump, even for maturefish. Assuming that fish could
leap into these culverts, excessive flow velocities will stop their
upstream spawning migration here.

’ Thebest design of around culvert will include natural stream materialsin

the bottom of the culvert that help to minimize and alter water flows, thus
allowing for easy fish passage.

C. Box Culverts:

Box culverts are commonly used where traffic loads or higher fill levels place heavy stresses
on thestructure. They aresuitablefor use where slopesrange from 0% to 3%. At slopes>
3%, it isvery difficult to maintain natural substrateson the metal or concrete bottom. They
are usually made of concrete and may be purchased as pre-fabricated units of variouslengths,

or poured in place.

This pour ed-in-place box culvert hasa number of problems: A vertical jump, water too shallow for fish to swim, and at
higher flow levels, it may generate water velocitiesthat act asa fish barrier. Replacing thisstructure under a major
highway would be an extremely expensive project. However, retrofitting the structure with current deflectorsand by
raising the level of the plunge pool may be possible to enhance the fish passage function of this culvert.



http://www.fws.gov/midwest/ashland/fishpassage/images/velocity.jpg
http://www.fws.gov/midwest/ashland/fishpassage/images/salmonjump.jpg
http://www.fws.gov/midwest/ashland/fishpassage/images/Pg15_EmbeddedCulver.gif
http://www.fws.gov/midwest/ashland/fishpassage/images/DSC1000010hwy.jpg

D. Ellipseor “Squashed Arch” Culverts.

Ellipse culvertsare a viable choice where a lower profile (and lessfill cover) isrequired. They
are suitable for use where slopesrange from 0% to 3%. At slopes> 3%, it isvery difficult to
maintain natural substrateson the metal or concrete bottom. Thisellipse culvert handles
water flowswell, but should have been sized larger and set lower (embedded) in the stream to
allow natural stream bed materialsto linethe bottom and provide fish habitat.

Each of the culvert types described above have advantages and disadvantagesin terms of
cost, ease of installation and its effects on stream habitat and fish passage. Choice of structure
typeisan important consideration, but the placement and installation arejust ascritical for
the success of the project.

Return to Home Page or ’ Click hereto proceed to the next section
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Stream Simulation Design Method

The Stream Simulation Design method is a design process that is intended to mimic the natural

stream processes within a culvert. Fish passage, sediment transport, flood and debris conveyance
within the culvert are intended to function as they would in a natural channel.

Determination of the high and low fish passage design flows, water velocity, and water depth is not
required for this option since the stream hydraulic characteristics within the culvert are designed to
mimic the stream conditions upstream and downstream of the crossing.




The structures for this design method are typically open
bottomed arches or boxes but could have buried floors
in some cases. These culverts contain a streambed
mixture that is similar to the adjacent stream channel.
Stream simulation culverts require a greater level of
information on hydrology and geomorphology
(topography of the stream channel) and a higher level of
engineering expertise.

Click here to download the Adobe pdf file "
GUIDELINES FOR SALMONID PASSAGE AT
STREAM CROSSINGS" that discusses this method of fish passage.

Return to Home Page or a Click heretoreturn to Choosing Optionsfor Replacement Structures
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In the previous sections we measur ed the bankfull width and slope of the stream bed at the planned crossing.

)
¥ TheBankfull Width measurement deter minesthe width of the new
culvert (all types) using

the following for mula:

Cubeert Widdh = Bankhull Width & 1 feat

Culvert Width = Bankfull Width + 1 foot

We have also deter mined whether important fish spawning habitat occurred on the site. Based on these factors, we decided which
of thefour culvert typestoinstall. Thefinal dimension of the culvert, length, is determined by measur ements made on the site. The
measur ements needed ar e the desired, final width of theroad bed and the slope of the embankments. The design width of theroad
bed (at the culvert) should be at least the width of the existing road. However, in some casesit should be set at the width of any
planned or expected improvementsthat might occur during the life of the structure.

The new culvert should be aligned with the existing stream channel. Sharp turnsin the channel above or
below the structure will direct currentsinto banks, eventually causing under cutting and collapse.
However, if stream bends adjacent to culverts can't be avoided, it is preferred to locate culverts so they
are aligned with the downstream channel. Even if thereisa sharp bend upstream.

Thelength of the culvert for any installation is based on the total width of the
road plusthe distance added by the slopes of the embankments on each side of
the road to the bottom of the culvert (see diagram below).

Theroad width ismeasured from the point on each side of the road where slope meetslevel road shoulder. Theheight of thefill is
the vertical distance from the bottom of the culvert at the middle of theroad to the finished level of the center of theroad.

The actual slope of the embankments should provide a stable configuration and may be based on one-size-fits-all recommendations
or requirements, or be determined by knowledge and experience with local soil and fill characteristics. General recommendations
tend to be conservative and based on unstable fill materials such assand. Thiscan result in longer sopesand culvertsthan are
really needed in applications wher e fill materials are more cohesive and stable (such as clay).

Whilethe general rule approach may provide an extra measur e of stability to slopesin some cases, it also resultsin longer culverts,
higher costs and more habitat and fish passage problems. Werecommend consultation with agencies with local expertise such asU.
S. Natural Resour ces Conservation Service (NRCS), State natural resour ces agencies and experienced road building contractors.
Thispoint in the project development is an excellent time for consultation with regulatory agenciesfor both advice and information
regarding regulations and per mits.
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2:1 Slope Embankment

? Road Width=32'
i

Height=1§' Beveled Cut

ﬁ e——
Measure 100° above Measure 100’ below

Culvert Slope Same as Streambed Slope (0 fo 3%)

measured from point A to point B

Not to scale.

In the example above, the fill height needed to maintain alevel road at the crossing is 16 feet. Assume that we will uselocal fill
materialsthat arefairly cohesive and capable of supporting strong plant growth for further stabilization. Based on the observations
made in this example, we have assumed that a 2:1 bank slopeisadequate for thissite. We now have theinformation needed to
determine culvert length by using the following formula:

Culvert Length = Road Width + 2(Fill Height X Slope)
Culvert Length = 32" + 2(16' X2)
Culvert Length =96’

Establishing the elevations of the culvert inlet and outlet are critical elementsin theinstallation using the Stream Simulation
Method.

Determinethe stream slope by surveying the vertical drop in the stream bed from 100 feet above the culvert (Point A) to 100 feet
below (Point B). Seeimage above. Set culvert inlet and outlet depths (embed) to the appropriate amount below the slopeline.
Round Culverts may be embedded from 20% to 40 %, ellipse or squashed arch culvertsfrom 10% to 25%.




= Note: Themethod described above isthe simplest method for finding
stream slope. However, a more complete profile of the stream slope may
be needed in some cases. In so, several elevations are measured on the
stream bed at points above and below the structureto create an actual
bed profile (imagesright).

When using either method you will often note that the stream bed is
elevated directly above the existing culvert. Thistypically occurswhen
theinitial culvert placement istoo high. Natural stream processes
deposit sediment, rock and debrisabovethe culvert to alevel above the
culvert inlet. When a new structureisplaced at the correct depth, the
sediment deposit may be considerably higher than the new culvert inlet.
In most cases, the stream flow will quickly cut through and redistribute
these materials downstream to normalize the channel.

Theprocessiscalled “head cutting” and will change the upstream
channel shape and configuration considerably. |f the materialslodged
abovetheold installation are clean sand, wood or rock, downstream
deposition of these materials may not be a severe problem. However, if
large amounts of fine silt/sediment ar e involved, fish habitat
downstream may be damaged. In some cases, these materials can be
removed mechanically beforethe flow isreleased through the new
structure.

At thissite, theoriginal
culvert placement was too
high abovethe natural stream
dope. Rocksand sand have
accumulated at the upper end
of the culvert blocking more
than 50% of the opening and
creating afish passage barrier.

Only afew hours after
installation of a new culvert
(embedded 20% below the
dopeline), head cutting is
beginning to normalize the
channel.

Culverts may be purchased with square or bevel cut endsthat match the bank slope. Bevel cut ends (see
diagram) are thought to be less proneto blockage by debriswashing downstream. Placing rocksin the
bottom of culvertswill also help to simulate the natural stream bed.
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TR, o= With an outline diagram of the planned project, we are now ready to plan the final steps before per mits
\“-}"ﬂi o gy arerequested. Requirementsfor construction permitsare highly variable among jurisdictions. In most
Y & _:-li.‘_i_i__{_'_' == | cases however, the project diagram will need to be supplemented with an erosion control plan and a
=, "'j‘\ “T}'* description of sediment control during construction. Thisimage shows one example of an erosion control
==, . lan for | stream.
’/éﬂ \ plan for a small stream
"'E" _"?‘m e
= =V e
Pr———— A plan to control sedimentation of the stream during construction is often |

e unad e Lrper disers

Jrequired. Thisplan should describe how stream flow will be handled during 3
‘Jthe construction period. In very low flow streams, simply damming the '
- | stream with clean fill above thework site may provide timefor the ; — for
.Jinstallation. On streamswhere flows aretoo large for thistechnique, water ﬂﬂ_'r[_":.m s
may be pumped around thework site, or atemporary diversion channel may | ... 1"
berequired.

Construction scheduling for stream work can be very difficult. Work must be done during low stream
flow periodsto minimize sediment deposition and transport, but must also consider thelife stages of fish
present in the stream. Adult fish areusually not highly vulnerableto the type of sediment depositions
created by culvert projects. However, fish eggs and fry developing in spawning beds ar e extremely
vulnerable to being smothered by sediment.

]w;wmﬂ II Culyert installations should be schedule(_j Whgn no fish eggs or dweloping fry |_ o s - I
- arein substrates downstream of the project site. Most fish species spawn -
* ws—w | €ither in springor fall. These diagrams outline life cycles of some common P - Y—
e ‘“m:l gamefish. They also help toillustrate, that when spring and fall spawning Fm::h‘"":’-’"
: "=I=- \ species are present in a stream, the construction window may be limited to = e \
FRTEtn wumet | |themonthsof July and August. In thissituation, somejurisdictionswill only \ =_.__:“n'__,_
\ e issue construction permits during that timeframe. Besureto check with s :::?““';/
= ./ Jyour local offices of the U.S. Fish and Wildlife Service and state Natural — —

Resour ce Departmentsto determine what fish are present in the stream and permitting requirements.
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Permitsare usually issued for a certain time period, such as 60 or 90 days. Within that timeit will be the builder’sresponsibility to
schedule the work when streams ar e low and work can be completed under good conditions. Often this means keeping some
flexibility in work schedulesto provide for contingencies such as equipment problems or severe weather events.

Culvert Installation, At last!
Be Sureto Review Your Final Checklist:

. Contractor and machine operator are completely informed on the final installation plan, elevation requirements
and sediment controlsarein pace.

. The proper per mits have been issued and the responsible natural resour ce agencies have been notified.
. Electrical, gasand water utilitieslines have been located or cleared at the site.

. Project supervisor will be on-site throughout the construction period.

. All construction materialsare present and ready.

. No bad weather forecast for today/tomorrow.

Excavate culvert and bypass channel.
Elevations of inlet and outlet should be
checked often to ensurethey are
positioned correctly.

Appropriate use of a flow bypass Water flow bypassduring
channel during placement of alarge, culvert placement.
multi-section box culvert. Notethe

clear water in the diversion channel

and the alignment of the new culvert

with the natural stream channel.
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Thefill should be clean mineral soil and free of
organic material, largerocks, tree rootsor ice that
will break down and leave holes. Bedding and filling
around culvertsisan important step in insuring that
aculvert installation will not erode, settle or deform.
It also prevents*” piping” or the leaking of water
around the culvert.

Compact the soil carefully using the process outlined Bedding and compacting fill
below: m around the culvert.

When the culvert installation is complete, trim and stabilize the work site as soon as possible.
. Trim slopesto a stable configuration

. Apply grass seed or plantings

. Apply mulch or erosion control blankets

Return to Home Page or ’ Click hereto proceed to the next section
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Stream bank erosion and stream sedimentation at culvert crossing
can bea major problem for fish habitat
if the appropriate control measures are not adopted.

Soil erosion problems at fish crossings can be minimized if not completely eliminated, with advance planning. In all cases, the
initial time/cost for preventing stream bank erosion, will be far lessthan if inadequate measures are taken and the project site
needs additional repairs.

When erosion control measures are not used, or fail, roads and fish habitat are damaged. Gully wash and
stream bank collapse are common and often result in the deposition of large amounts of sediment into

streams. ’1

Best Practicesto Control Erosion:

. Protect vegetation and minimize the amount of distur bance of plants and soils by equipment

. Work Fast! Thelesstime disturbed soils are exposed, the better. Oneor two days should be adequate for most
culvert replacement projects

. Use coar se materials; they are less erodable than finer materials
. Divert runoff away from exposed soils and into vegetated buffers

. Disper se concentrated stream flows
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. Provide adequate run-off channels

. Trim slopesto stable configurations and re-vegetate as soon as possible. Native vegetation isusually preferred

. Cover disturbed soils

Rip-rap or “armor” around both ends of the culvert to protect splash areas or where stream bank is

exposed to flow, as in the examples below: ﬂ

At crossings where small bridges
are installed, rip-rap or armor
banks to prevent bank erosion.

Road side ditches may be
stabilized with rip-rap, sod or
mulch-and-seed techniques.
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Preventing Soil Erosion on Crossing
Sites:

Plant roots stabilize the soil, and stems and
leaves slow the water to give it time to
percolate slowly into the soil profile. The
potential for severe soil erosion exists after
any culvert installation or enhancement
project because it displaces or destroys plant
material and the layer of litter on the surface.
There are several steps you should take to
reduce the amount of soil erosion at your
work site.

Unstable soil surrounding this culvert
has begun to erode away.

The 1St step is to protect the work area long before the heavy construction begins:

The use of sand bags, silt fences, straw bales and straw wattles have proven benefits for small
construction projects. Then as the project is progressing, it’'s important to leave in place, the greatest
amount of existing vegetation as possible. Assuming the plants/trees do not threaten personal safety.

After the project is concluded, the 2Nnd step is to reseed and protect any disturbed soils. Some good
reseeding tips to protect your work site would include:

. If needed roughen the soil surface to provide a better seedbed by breaking through the

hydrophobic layer. A steel rake works well for this, or, depending on the slope, a small tractor
drawn harrow could be used.

. Add organic material (top soil or black muck) to ensure nutrients are available for seed germination

. Broadcast the seed. Seeding rate depends upon the variety of seed used. Rake or harrow in %4
to %" deep.
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. If the areais small enough, roll or tamp the seed down to ensure good soil/seed contact.

. Spread certified weed-free hay straw as a mulch. If the area is small, crimp the hay into the soil
with a shovel. This will help keep both soil and seed in place during a significant wind and rain
event.

. Control weeds as needed by cutting off the flower before it can reseed

. Do not use herbicides for broadleaf weed control until after the grass has germinated and
developed leaves.

The 3rd step is to stabilize the upland area
draining toward the stream crossing. This
task can be safely accomplished by
numerous means. The most commonly used

methods are described below: m

_ Polypropylene Sand Bags are made of woven polypropylene and work well as a
AT temporary solution to detour the path of unwanted runoff during the
construction period. Biodegradable products should be used for all long term

i work.

i There are a variety of products available for erosion control.
Use biodegradable materials that will not interfere
with long term vegetation development.
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Silt fences are made of woven wire and a fabric filter
cloth. The cloth traps sediment from runoff. These
should be used in areas where runoff is more dispersed
over a broad flat area. Silt fences are not suitable for
concentrated flows occurring in small rills or gullies.

To install a (pre-assembled) silt fence, simply unroll,
stretch and continue to drive stakes. If possible, each fence should be installed
in a 6" deep trench to prevent sediment flow underneath the fence. Make sure
that all supporting posts are on the downhill side of the fencing.

Fabrijute is a flexible open weave (holes approximately 5" x ¥&") geotextile
designed to hold seeds and soil in place until vegetation is established. The
natural looking, high strength polypropylene mesh protects the soil surface from
water and wind erosion while offering partial shade and heat storage to accelerate vegetative
development allowing uninhibited growth of wood plant species, grass, and ground cover.

QuickGrass is made from curled excelsior, 80% of the fibers are six inches or
longer in length. Fibers expand as they come in contact with moisture. When
water is released into the soil, the drying causes the fibers to contract. This
process helps the fibers dig into the soil. The aspen fibers are biodegradable
and add natural nutrients to the soil. The product breaks down in 9 - 12 months.

A variety of similar products (generally called Erosion Control Blankets) are also available.

Straw bales placed in small drainages act as a dam — collecting sediments from
upslope and slowing the velocity of water traveling down. Bales should be
carefully placed in rows with overlapping joints (like building a brick wall). Some
excavation is necessary to ensure bales butt up tightly against one another

forming a good seal. Two rows (or walls) of bales are necessary and should be imbedded below the
ground line at least six inches or held in place by stakes or rebar driven into the soil.
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Straw wattles are extremely effective in controlling hillside erosion and serving
as makeshift dams for blocking sediment into waterways and channels. They
are constructed of long tubes of plastic netting packed with excelsior, straw, or
other material. Wattles are used in a similar fashion to log terraces. The wattle
is flexible enough to bend to the contour of the slope. Straw wattles last 3-5
years and can be left in place.

From a recent study, the U.S. Fish & Wildlife Service reported that out of 3,300 wattles placed in a
particular year, only 10 failed from storm and animal disturbance. It was also reported that straw
wattles are as effective as hand trenching, and they last much longer.

" Watarbar Top View Water bars are berms of soil or bedded logs that channel water off roads and
w trails to avoid the creation of gullies. Water bars are angled down the slope to
N the outlet side. These bars can divert water to a vegetated slope below or
_ - redirect it to a channel that will take it to a culvert. On-site soil types and the
“ S~ |road grade will dictate spacing requirements for protecting your site.

Wiaterhar Cron Sectian Water bars can only be used on abandoned roads or
ﬂ/\_‘ where very light vehicle traffic occurs.

Log terraces provide a barrier to runoff from heavy rainstorms. Dead
trees are felled, limbed, and placed on the contour perpendicular to
the direction of the slope. Logs are placed in an alternating fashion
so the runoff no longer has a straight down slope path to follow. The
water is forced to meander back and forth between logs, reducing the
velocity of the runoff, and giving water time to percolate into the soil.

Logs should be 6 - 8inches in diameter (smaller logs can be used)
and 10 - 30 feet long. The logs should be bedded into the soil for the
entire log length and backfilled with soil so water cannot run
underneath. The backfill material should be tamped down.

Secure the logs from rolling by driving stakes on the downhill side. It is best to begin work at the top of
the slope and work down. It is easier to see how the water might flow by looking down on an area to
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better visualize the alternating spacing of the logs.

Hydroseeding is a method where wood-based fiber products are used to spray
on hillsides with unstable soils. Products of this type contain fiber mixed with a
tacking agent, or binder. The liquid solution can be formulated to contain
specific grass seed species so new vegetation can help stabilize the hillside.

Armoring, seeding and mulch cover have done a great job on this site. One year
after installation, a heavy vegetative mat is established and the bank should

continue to be stable.

Return to Home Page or o":/ Click hereto proceed to the next section
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A Brief Summary in the Basic Stepsfor Choosing, Sizing
and Installing Culverts at Stream Crossings

Please use thisguide only as a quick referenceto the material presented.
Refer to the documentation presented throughout thisweb site for more detailed infor mation.

1. Werecommend aroad crossing design process called the Stream Simulation Design M ethod.

2. Generally, when flow velocitiesthrough a culvert exceed .6 meters (or 2.0 feet) per second, some sizes and species of
fish will be blocked.

3. Measure bankfull width of the stream (average of 10 measurements).

4. Establishing the elevations of the culvert inlet and outlet are critical elementsin theinstallation using the Stream
Simulation Method.

Deter mine the stream slope by surveying the vertical drop in the stream bed from 100 feet above the culvert (Point A)
to 100 feet below (Point B). Seeimages below. Set culvert inlet and outlet depths (embed) to the appropriate amount
below the slopeline. Round Culverts may be embedded from 20% to 40 %, ellipse or squashed ar ch culvertsfrom
10% to 25%.

5. Determining the Bankfull Stage isthe most important measurement for establishing
culvert sizein handling peak stream flows (refer toimage).

6. If the Bankfull Width ismorethan 20 feet or if stream slopeismorethan 6%, usea
span bridge.

Cubesrt Widih = Dankhal Width 4 1 feat
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7. 1f the Bankfull Width islessthan 20 feet and stream slopeislessthan 6%, a span bridge e |
may be used or one of the four culvert types may be selected. . ——

8. If dopeis 3% to 6%, a span bridgeispreferred but a bottomless arch culvert may also '
be used. e FRT

9. If dopeisfrom 0% to 3%, bottomless arch, round, box or elipse culvertsmay be used. If usingaround culvert, the
best design will include natural stream materialsin the bottom of the culvert that help to minimize and alter water

flows, thus allowing for easy fish passage.

10. Choice of the structure typeisan important consideration, but the placement and installation arejust ascritical
for the success of the project.

Road Width=32'

2:1 §lope Embankment

.Illlah

2 CEREE . 1.

Fill R Height=16' Beveled Cut
S e Fal s atulsrs] f: -:.- g En ds
Measure 100’ above Measure 100’ below

Culvert Slope Same as Streambed Slope (0 to 3%)

ot o scale. measured from point A to point B

11. For all culverts, thewidth (D) of the opening will be the Bankfull Width of the stream, plus 1 foot.

12. Length of the culvert will bethetotal road width plus 2 times (fill height X slope).
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13. Survey and establish the desired height of the culvert inlet and outlet.

14. Culvert should be embedded to correct for elevations at inlet and outlet.

15. Stream bank erosion and stream sedimentation at culvert crossing can bea major problem for fish habitat if the
appropriate control measures are not adopted.

16. Soil erosion problemsat fish crossings can be minimized if not completely eliminated, with advance planning.
The 1st step isto protect thework area long befor e the heavy construction begins.

17. Another very important consider ation isthe potential for geomor phic effects, in particular, channel incision.
Channel incision or down-cutting of the streambed tendsto propagate upstream by means of migration of a headcut.
Often, thisheadcut migration isarrested when it encountersa culvert. If the culvert isreplaced, the headcut may then
proceed onwar d upstream, spreading channel incision, and inducing a period of channel destabilization and habitat
degradation.

» Click hereto review the document (pdf) Geomorphologic | mpacts of
Culvert Replacement and Removal: Avoiding Channel Incision.

Return to Home Page or ’ Click hereto proceed tothe" FINAL" section

® Disclaimer Statement =



http://www.fws.gov/midwest/ashland/fishpassage/images/embed1.gif
http://www.fws.gov/midwest/ashland/fishpassage/images/canyon.jpg
http://www.fws.gov/midwest/ashland/fishpassage/images/PDF/Avoiding_Channel_Incision.pdf
http://www.fws.gov/midwest/ashland/fishpassage/Disclaimer.htm
http://www.fws.gov/midwest/ashland/fishpassage/Disclaimer.htm
http://www.fws.gov/midwest/ashland/fishpassage/Disclaimer.htm

L5, Fish & Wildlife Service

s,
FISH & WILDLIFE
SERVICE

il

Region 3 Midwest Internet Site

Minnesota lowa Missouri Wisconsin lllinois Indiana Michigan Ohio
Welcome to the Region 3 Internet!

tion of Fish Friendly Stream Crossings




~* ~ Acknowledgements ~* ~

Web site developed by: LeeNewman —~® ~ Web page designed by: Frank G. Stone
U.S. Fish & Wildlife Service, Ashland FRO

Wewould like to acknowledge the funding for this project by the Great L akes National Program Office. The developersof this
web-page would like to recognize the gener ous contributions and technical expertise by Bruce Adamson of Adamson

Consulting and Paul Bakke
(USFish & Wildlife Service) for their editorial comments.
Wewould also like to thank Nancy Newman for narrating the video segment.

Credit for all images/drawings used for thisweb site can be viewed
by placing your mouse curser over theimage.

FOF
g Click hereto download this presentation.
Click hereto download the free Adobe Reader



http://www.fws.gov/midwest/ashland/fishpassage/images/Bark-River-Culvert.jpg
http://www.fws.gov/midwest/ashland/fishpassage/images/Frank_Stone.jpg
mailto:Lee_Newman@fws.gov
mailto:Frank_Stone@fws.gov
http://www.fws.gov/midwest/ashland/
http://www.epa.gov/glnpo/about.html
mailto:Adamsonb@shaw.ca
http://www.adobe.com/products/acrobat/readstep2.html

Adamson, B and Harris, A. 1992, Sediment Control Plans. Reducing Sediment

Concerns at Water Crossings, Northwest Region Science and Technology
Technical Note TN-20, 7 p.

Adamson B. 2004, Course Notes for a2-Day Course in Design of Fish Friendly

Road Crossings.

Baker, C.O. and F.E. Votapka. 1990. Fish Passage Through Culverts. Federal
Highways Administration & USDA Forest Service. FHWA-FL-90-006. 67
pages. (Available from USDA Forest Service publications, San Dimas
Laboratory, CA)

Bates, K., 1999, Fish Passage Design at Road Crossings, Washington State
Department of Fish and Wildlife, 137 pgs, Olympia WA

Bates, K. 1992. Fishway Design Guidelines for Pacific Salmon. Working paper

1.6. (Available from Ken Bates, Lands and Restoration Program Chief Engineer,
Washington Dept. of Fish and Wildlife. 600 Capitol Way North, Olympia, WA,

98501-1091.)

Beechie, T., E. Beamer, and L. Wasser man. 1994. Estimating Coho Salmon
Rearing Habitat and Smolt Production Lossesin aLarge River Basin, and
Implications for Habitat Restoration. North Am. J. Fish. Mgt. 14:797 - 811.

Behlke, C.E.,D.L. Kane, R.F. McLean, and M.D. Travis. 1991.
Fundamentals of Culvert Design for Passage of Weak-Swimming Fish, Final
Report. Alaska DOT& PF and USDT, Federal Highway Administration, FHWA-
AK-RD-90-10. 177 pages.

British Columbia Ministry of Forests, Fish Stream Crossing Guidebook -
Draft Ver: 1.0, 2001

California Department of Fish and Game. 1998. California Salmonid Stream
Habitat Restoration Manual, 3rd Edition. Inland Fisheries Division.

Clay, C.H. 1995. Design of Fishways and Other Fish Facilities, 2nd Edition.
Lewis Publishers, CRC Press (imprint), Boca Raton, FL. 248 pages.

Evans, W.A. and B. Johnston. 1980. Fish Migration and Fish Passage: a
Practical Guide to Solving Fish Passage Problems. U.S. Forest Service, EM -
7100 - 2, Washington, D.C.

Furniss, M .J., T.D. Roelofs, and C.S. Yee. 1991. Road Construction and
Maintenance. American Fisheries Society Specia Publication 19:297-323.

Gebhards, S, and J. Fisher. 1972. Fish Passage and Culvert Installations.
Idaho Fish and Game Rep. 12 pages.

Ontario Ministry of Transportation, 1997, MTO Drainage Management Manual, Toronto
(order from www.ronenhouse.com)

Pearsons, T.N., G.A. McMichael, SW. Martin, E.L. Bartrand, A. Long, and SA.
Leider. 1996. Y akima Species Interactions Studies Annual Report 1994. U.S. Department
of Energy, Bonneville Power Administration Annua Report 1994. No. DOE/BPB99852-3.

Poulin, V.A., and H.W. Argent. 1997. Stream Crossing Guidebook for Fish Streams, a
Working Draft. Prepared for British Columbia Ministry of Forests. 80 pages.

Robison, George E., Mirati, Albert and Allen, Marganne, 1999, Oregon Road/Stream
Crossing Restoration Guide, (www.nwr.noaa.gov/1salmon/salmesa/4ddocs/orfishps.htm)

Rosgen, Dave, 1996, Applied River Morphology, Wildland Hydrology, Pagosa Springs,
Colorado (available at www.wildlandhydrology.com)

Sander cock, F.K. 1991. Life History of Coho Salmon. Pages 397-445 in C. Groot and L.
Margolis (ed.s.), Pacific saimon life histories. Univ. British Columbia Press, Vancouver.
564 pages.

Salmonid Restor ation Feder ation Conference. 1996. Culvert Fish Passage Design and
Retrofitting Workshop. Fortuna, CA. 30 pages.

Shirvell, C.S. 1994. Effect of changesin streamflow on the microhabitat use and movement

of sympatric juvenile coho salmon (Oncorhynchus kisutch) and chinook salmon (O.
tshawytscha) in a natural stream. Can. J. Fish. Aquat. Sci. 51:1644-1652.

Slaney, P.A and Zaldokas, D, 1997, Fish Habitat Rehabilitation Procedures, Watershed
Restoration Technical Circular No. 9, British Columbia Ministry of Environment, Lands
and Parks, Vancouver. (order from www.publications.gov.bc.ca)

Trow Consulting Engineers Ltd. 1996, In-stream Sediment Control Techniques - Field
Implementation Manual. Northeast Region Science and Technology Field Guide FG-007,
Ontario Ministry of Natural Resources, 93 p. (order from Lakehead University Bookstore,
Thunder Bay, (807) 343-8589).

U.S.D.A. Forest Service. 1999. Fish Xing. Version 2.0.1 Beta software. Six Rivers
National Forest Watershed Interactions Team, Eureka, CA. http://www.stream.fs.fed.us/

fishxing/

U.SD.A., Forest Service, 1999. Water Road Interaction Series. Available at http://www.
stream.fs.fed.us/water-road/index.html

USDA, Forest Service, Stream Systems Technology Center, Stream Notes, Rocky
Mountain Research Station, 2150 Centre Ave., Bldg. A, Suite 368, Fort Collins, CO. 80526~
1891.



http://www.ronenhouse.com/
http://www.nwr.noaa.gov/1salmon/salmesa/4ddocs/orfishps.htm
http://www.wildlandhydrology.com/
http://www.publications.gov.bc.ca/
http://www.stream.fs.fed.us/fishxing/
http://www.stream.fs.fed.us/fishxing/
http://www.stream.fs.fed.us/water-road/index.html
http://www.stream.fs.fed.us/water-road/index.html

Gray, Donald H. and Sotir, Robbin B., 1996, Biotechnical and Soil
Bioengineering Slope Stabilization - A Practical Guide for Erosion Control,
Wiley Interscience

Groot, C.,and L. Margolis, editors. 1991. Pacific Salmon Life Histories. Univ.
British Columbia Press, Vancouver. 564 pages.

Hassler, T.J. 1987. Species Profiles: Life Histories and Environmental
Reguirements of Coastal Fishes and I nvertebrates (Pacific Southwest) Coho
Salmon. U.S. Fish Wildl. Serv. Biol. Rep. 82(11.70). U.S. Army Corps of
Engineers, TR EL-82-4. 19 pages.

Johnson, A. and J.F. Orsborn. Undated, circa 1990. Welcome to Culvert
College. Washington Trout, Duvall, WA. 67 pages.

Katapodis, C. 1991, Introduction to Fishway Design, Department of Fisheries
and Oceans, Freshwater |nstitute, Winnipeg

Katapodis, C. 1993, Fish Passage at Culvert Highway Crossings, Presentation
notes at the conference on “Highways and the Environment”, Department of
Fisheries and Oceans, Freshwater Institute, Winnipeg

Katopodis, C. 1992. Introduction to Fishway Design. Working Document from
Fish Passageways and Diversion Structures Course presented by National
Education and Training Center, USFWS.

Kay, AR., and R.B. Lewis. 1970. Passage of Anadromous Fish Through
Highway Drainage Structures. California Division of Highways, Dist. 01 Res.
Rep. 629110. 28 pages.

Lauman, J.E. 1976. Salmonid Passage at Stream-Road Crossings. Oregon Dept.

of Fish and Wildlife.

McCléellan, T.J. 1970. Fish Passage Through Highway Culverts. U.S. Dept.
Trans., Fed. Hwy. Adm. And Oregon State Game Comm., Portland OR. 16

pages.

Meehan, W.R., editor. 1991. Influences of Forest and Rangeland Management
on Salmonid Fishes and Their Habitats. American Fisheries Society Special
Publication 19.

Newbury, Robert W. and Gaboury, Marc N., 1993, Stream Analysis and Fish

Habitat Design - A Field Manual, Newbury Hydraulics, Gibsons B.C. (out-of -
print).

U.S. Fish and Wildlife Service. 1983-19 . Species Profiles: Life Histories and
Environmental Requirements of Coastal Fishes and Invertebrates. U.S. Fish Wildlife
Service, Biol. Rep. 82(11). U.S. Army Corps of Engineers, TR EL-82-4.

Waples, R.S. 1991. Definition of “Species' under the ESA: Application to Pacific Salmon.

U.S. Dep. Commer., NOAA Tech. Memo., NMFS, F/NWC-194, 29 pages.

Washington State Department of Fish and Wildlife, 1999. Design Guidelines for Fish
Passage Design at Road Culverts.

Washington State Department of Transportation. 1998. Juvenile and Resident Salmonid
Movement and Passage Through Culverts. Final Report. Rept. No. WA-RD 457.1.
(Available through the National Technical Information Service, Springfield, VA 22616).

Washington State Department of Transportation. 1997. Fish Passage Program
Department of Transportation Inventory Final Report. G. Johnson (Project Leader) and nine
others. 58 pages.

Washington State Department of Transportation. 1996. |nvestigation o f Culvert
Hydraulics Related to Juvenile Fish Passage. Final Report. Rept. No. WA-RD 388.1.
(Available through the National Technical Information Service, Springfield, VA 22616 )

Ward, Neville. 1992, The Problem of Sediment in Water For Fish, Northwest Region
Science and Technology Technical Note TN-21, Ontario Ministry of Natural Resources, 8 p.

Weaver, W.E., and D.K. Hagans. 1994. Handbook for Forest and Ranch Roads.
Mendocino County Resource Conservation District. 161 pages.

Wietkamp, L.A., T.C. Wainwright, G.J. Bryant, G.B. Milner, D.J. Tedl, R.G. Kope,
and R.S. Waples. 1995. Status Review of Coho Salmon from Washington, Oregon, and
Cdlifornia

U.S. Dep. Commer., NOAA Tech. Memo., NMFS-NWFSC-24, Northwest
FisheriesScience Center, Seattle, Washington. 258 pages.

Wilson, R.G., 1996, CSP Culvert Installations at Water Crossings on Forest Access Roads,
NEST Technical Note TN-013, Ontario Ministry of Natural Resources, Timmins (order
from Lakehead University Bookstore, Thunder Bay, (807) 343-8589)

Ziemer, G.L. 1961. Fish Transport in Waterways. Alaska Dept. of Fish and Game. 2 pages.

Return to Top




British Columbia Forest Practices Code Stream Crossing Guidebook for Fish
Streams

National Fish Passage Program, US Fish & Wildlife Service

Fish Passage Decision Support System, US Fish & Wildlife Service

Project Design Standards for Fish Passage Activities, US Fish & Wildlife Service

5 Rulesfor Design of Fishways on the Fraser River

Design of Road Culverts for Fish Passage, Washington Department of Fish and
Wildlife

FishPass, Fish Passage |mprovement Program, Software, Alaska Department of
Fish and Game

Fish Passage Restoration and Five major fishway designs, Chesapeake Bay
Program Office

Fish Passage Section at the Conte Anadromous Fish Research Center, USGS

Fish Passage Program, NOAA

Fish Crossing Software, USDA Forest Service

Fish Passage |mprovement Program, Alaska Department of Fish & Game

Fish Passage, NW Hydro

Fish Passage Considerations in the Design and Retrofit of Culverts, Engineering
Professional Programs

Fish Habitat Retrofit Program, Washington Department of Transportation

Fish Passage Barrier and Surface Water Diversion Screening Assessment and Prioritization
Manual, Washington Department of Fish and Wildlife

Fish Passage Improvement Program, California Department of Water Resources

Fish Passage Short Course, Environmental Studies at U.C.Davis

Fish Passage Through Culverts An Annotated Bibliography, Six Rivers National Forest
Watershed Interactions Team

Hydraulic Effects on Swimming Fish in Fish Passage Structures, American Society of Civil
Engineers

Landowner's Guide to Building Forest Access Roads, U.S. Forest Service

Mannings Formula, Calculating Flow Velocity, Shows, Dearman and Waits, Inc.

Natural fish passage structures in urban streams, University of California

Oregon Road/Stream Crossing Restoration Guide, Spring 1999 (with ODFW criteria)

River Crossings and Migratory Fish: Design Guidance, Scottish Executive Consultations

The Fish Passage Center, Northwest Power Planning Council

NM FS Southwest Region

Woashington Department of Fish and Wildlife Fish Passage Technical Assistance

USDA Forest Service Water-Road I nteraction Technology Series Documents

Upstream Fish Passage At Dams And Culverts, Washington Department of Fish and
Wildlife

Return to Top



http://www.for.gov.bc.ca/tasb/legsregs/fpc/fpcguide/stream/str-toc.htm
http://www.for.gov.bc.ca/tasb/legsregs/fpc/fpcguide/stream/str-toc.htm
http://fisheries.fws.gov/FWSMA/FishPassage/
http://fpdss.fws.gov/
http://pacific.fws.gov/jobs/orojitw/standard/fish-std.htm
http://www.saxvik.ca/pages/frameset.html
http://wdfw.wa.gov/hab/engineer/cm/index.htm
http://www.sf.adfg.state.ak.us/SARR/fishpassage/FP_SoftwareFP.cfm
http://www.chesapeakebay.net/info/fishpass_options.cfm
http://www.lsc.usgs.gov/CAFL/Fish%20Passage/Fish%20Passage%20Web%20Page.htm
http://www.nwfsc.noaa.gov/research/divisions/fed/fishpassage.cfm
http://www.stream.fs.fed.us/fishxing/index.html
http://www.sf.adfg.state.ak.us/SARR/fishpassage/fishpass.cfm
http://www.bpa.gov/Power/pl/columbia/2-fish.htm
http://www.engr.washington.edu/epp/cee/drc.html
http://www.wsdot.wa.gov/environment/fishpass/default.htm
http://wdfw.wa.gov/hab/engineer/fishbarr.htm
http://wdfw.wa.gov/hab/engineer/fishbarr.htm
http://www.watershedrestoration.water.ca.gov/fishpassage/
http://www.4sos.org/wssupport/ws_rest/fpsc/
http://www.stream.fs.fed.us/fishxing/biblio.html
http://www.pubs.asce.org/WWWdisplay.cgi?8802165
http://www.na.fs.fed.us/spfo/pubs/stewardship/accessroads/accessroads.htm
http://www.sd-w.com/civil/mannings_formula.html
http://repositories.cdlib.org/jmie/roadeco/Hegberg2001a/
http://www.nwr.noaa.gov/1salmon/salmesa/4ddocs/orfishps.htm
http://www.scotland.gov.uk/consultations/transport/rcmf-01.asp
http://www.fpc.org/Index.htm
http://swr.ucsd.edu/
http://wdfw.wa.gov/hab/engineer/scrnterm.htm
http://www.stream.fs.fed.us/water-road/index.html
http://wdfw.wa.gov/hab/engineer/habeng.htm

Assessment of Road Culverts for Fish Passage Problems on State and County

Owned Roads (34 KB)

A Summary of Technical Considerations to Minimize the Blockage of Fish at

Culverts on the National Forests of Alaska (231 KB)

Culvert Installation in Salmon Streams (1,276 KB)

Culvert Installation in Salmon Streams (142 KB)

Culvert Fish Baffles (59 KB)

Design of Road Culverts for Fish Passage (5,335 KB)

Elements of Fish Passage through Culverts (12 KB)

Geomorphologic Impacts of Culvert Replacement and Removal: Avoiding
Channel Incision (722 KB)

Fish Friendly Culverts (1,265 KB)

Fish Passage Design At Road Culverts (1,096 KB)

Fish Passage In Streams (778 KB)

Fish Passage Criteria (44 KB)

Fish Passage Restoration (270 KB)

Fish Passage Restoration (232 KB)

Fish Passage Through Culverts An Annotated Bibliography (132 KB)

Fish Passage Solutions (699 KB)

Guidelines For Salmonid Passage At Stream Crossings (72 KB)

How well are Oregon's Forest L andowners and Operators Complying with Fish Passage
Requirements at Stream Crossings? (304 KB)

Lower Alameda Creek Fish Passage (906 KB)

Manitoba Stream Crossing Guidelines For The Protection Of Fish And Fish Habitat (1,171
KB)

National Fish Passage Program (197K B)

Overview Assessment of Fish Passage at Stream Crossings within Selected Watersheds
(1,661 KB)

Policy and Guidelines for Fish Friendly Waterway Crossings (229 KB)

Recommendations for improving fish passage (516 KB)

Salmonid Passage At Stream Crossings (61 KB)

Stonybrook Creek Fish Passage Assessment (1,416 KB)

The Use of Angled Bar Racks and L ouvers (1,085 KB)

Upstream Fish Passage Technologies (200 KB)



http://www.adobe.com/products/acrobat/readstep2.html
http://www.adobe.com/products/acrobat/readstep2.html
http://www.fws.gov/midwest/ashland/fishpassage/images/PDF/culvert_survey.pdf
http://www.fws.gov/midwest/ashland/fishpassage/images/PDF/culvert_survey.pdf
http://www.fws.gov/midwest/ashland/fishpassage/images/PDF/fish_blockage_at_culverts.pdf
http://www.fws.gov/midwest/ashland/fishpassage/images/PDF/fish_blockage_at_culverts.pdf
http://www.fws.gov/midwest/ashland/fishpassage/images/PDF/culvert-bmps-english.pdf
http://www.fws.gov/midwest/ashland/fishpassage/images/PDF/Culverts_and_Fish_Passage.pdf
http://www.fws.gov/midwest/ashland/fishpassage/images/PDF/FishFSm27.pdf
http://www.fws.gov/midwest/ashland/fishpassage/images/PDF/culvert_manual_final.pdf
http://www.fws.gov/midwest/ashland/fishpassage/images/PDF/35Cupp.pdf
http://www.fws.gov/midwest/ashland/fishpassage/images/PDF/Avoiding_Channel_Incision.pdf
http://www.fws.gov/midwest/ashland/fishpassage/images/PDF/Avoiding_Channel_Incision.pdf
http://www.fws.gov/midwest/ashland/fishpassage/images/PDF/fishfriendlyculverts.pdf
http://www.fws.gov/midwest/ashland/fishpassage/images/PDF/FishPassage.pdf
http://www.fws.gov/midwest/ashland/fishpassage/images/PDF/FishPassageStreams.pdf
http://www.fws.gov/midwest/ashland/fishpassage/images/PDF/ODFW%20Fish%20Passage%20Criteria%20-%202004.pdf
http://www.fws.gov/midwest/ashland/fishpassage/images/PDF/RptSecA.pdf
http://www.fws.gov/midwest/ashland/fishpassage/images/PDF/11-shrg_fish_passage_restoration.pdf
http://www.fws.gov/midwest/ashland/fishpassage/images/PDF/biblio.pdf
http://www.fws.gov/midwest/ashland/fishpassage/images/PDF/bigr_fish_passage.pdf
http://www.fws.gov/midwest/ashland/fishpassage/images/PDF/nmfsscg.pdf
http://www.fws.gov/midwest/ashland/fishpassage/images/PDF/FPMonitorV2-FishPass.pdf
http://www.fws.gov/midwest/ashland/fishpassage/images/PDF/FPMonitorV2-FishPass.pdf
http://www.fws.gov/midwest/ashland/fishpassage/images/PDF/fish%20ladder%20preliminary%20design.pdf
http://www.fws.gov/midwest/ashland/fishpassage/images/PDF/stream.pdf
http://www.fws.gov/midwest/ashland/fishpassage/images/PDF/nfpp.pdf
http://www.fws.gov/midwest/ashland/fishpassage/images/PDF/FW_Sc1.pdf
http://www.fws.gov/midwest/ashland/fishpassage/images/PDF/fn-water-crossing.pdf
http://www.fws.gov/midwest/ashland/fishpassage/images/PDF/Bilaga1a_eng_rapport.pdf
http://www.fws.gov/midwest/ashland/fishpassage/images/PDF/fdscg.pdf
http://www.fws.gov/midwest/ashland/fishpassage/images/PDF/01_1StonybrookFishPassageReport.pdf
http://www.fws.gov/midwest/ashland/fishpassage/images/PDF/20041018094217-amaral.pdf
http://www.fws.gov/midwest/ashland/fishpassage/images/PDF/951905.pdf

" All things merge into one
and a river runs through it"

~~ Norman Maclean ~~

Return to Home Page

® Disclaimer Statement =



http://www.fws.gov/midwest/ashland/fishpassage/Disclaimer.htm
http://www.fws.gov/midwest/ashland/fishpassage/Disclaimer.htm
http://www.fws.gov/midwest/ashland/fishpassage/Disclaimer.htm

	Start
	About the Program
	Cautions to Consider
	What is a Fish Barrier
	Evaluation of your Work Site
	Options for Replacement Structures
	Stream Simulation Design Method
	Site Preparation and Installation
	Erosion Control
	Quick Guide
	References and Web Links



